A Reassessment of Families of Solutions to the Puzzle of Boyajian's Star by Wright, Jason T.
ar
X
iv
:1
80
9.
00
69
3v
1 
 [a
str
o-
ph
.SR
]  
3 S
ep
 20
18
Draft version September 5, 2018
Typeset using LATEX RNAAS style in AASTeX62
A Reassessment of Families of Solutions to the Puzzle of Boyajian’s Star
Jason T. Wright1
1Department of Astronomy & Astrophysics
and
Center for Exoplanets and Habitable Worlds
525 Davey Laboratory, The Pennsylvania State University, University Park, PA, 16802, USA
BACKGROUND AND RECENT WORK
Wright & Sigurdsson (2016) described several families of plausible solutions to the puzzle of Boyajian’s Star
(Boyajian et al. 2016), and ranked some of them by their subjective plausibility.
Since then, theoretical work has increased some families’ plausibility, especially: Metzger et al. (2017) and Wyatt
(2008) who describe models involving circumstellar material, and Metzger et al. (2017) and Foukal (2017a), who
describe models of intrinsic variations.
Observationally, Meng et al. (2017) and Davenport et al. (2017) find that the long-term dimming is stronger in the
blue and perhaps more consistent with circumstellar material than typical interstellar dust. Simon et al. (2017) find
that the long-term brightness variations are not monotonic (i.e. the star brightens and dims on timescales of years).
Most significantly, Boyajian et al. (2018) and Deeg et al. (2018) find that the dips are much stronger in the blue
and consistent with attenuation by sub-micron dust grains, implying a very short orbital lifetime for the dust, if it is
circumstellar. Boyajian et al. (2018) also find that the stellar spectrum shows no increase in the column density of
neutral (Na I D) or ionized (Ca II H & K) gas during a dip. Finally, Boyajian et al. (2018) confirm the lack of strong
radial velocity variation found by Boyajian et al. (2016).
This work alters my subjective plausibilities of several families of solutions.
REASSESSED FAMILIES OF SOLUTIONS
Instrumental effects are now not worth any consideration: instruments other than Kepler have seen the dips. Pul-
sations are less likely now because of the constancy of in-dip RVs. Explanations involving only opaque objects such
as stars, planets, swarms of asteroids, or alien megastructures (Wright et al. 2016) are now ruled out.
Polar spots continue to be unlikely. The Solar System cloud model still needs development (but see Katz 2017).
All models involving interstellar dust are supported by the dips’ colors, but now must grapple with the lack of
increased gas column during dips. This is not necessarily a fatal problem: on the very small length scales required to
produce the dips, dust and gas in the ISM may be uncoupled. Further, the ISM sodium absorption lines are saturated
and so are relatively insensitive to additional neutral gas at the same RV as the known clouds. The calcium lines do
not appear to be saturated, but might not be expected to trace the dust well, anyway.
The post-merger return to normal hypothesis is now plausible thanks to the work of Metzger et al. (2017), but still
requires development to predict the color and spectral changes one expects to see, as well as an explanation for the
secular brightening.
Intrinsic variability now has some theoretical support (Foukal 2017a), and appears to be consistent with the multi-
band photometry (Sheikh et al. 2016; Foukal 2017b; Boyajian et al. 2018), although a mechanism and explanation for
its rarity remain elusive (but see Lacki 2016). It is also consistent with the lack of significant additional gas absorption
during a dip.
The measured reddening may favor circumstellar material, and thus moves this family of solutions up in plausibility,
however these models still struggle with the lack of observed NIR excess and the short lifetime implied by the small
dust grains found by Boyajian et al. (2018) and Deeg et al. (2018). Additionally, the lack of gas accompanying the
very fine dust would seem to argue against an “exocometary” origin for the dust. A quantitative calculation of the
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2amount of gas and the dust replenishment rate in these scenarios would be helpful. It may be more likely that the
material is produced collisionally from “dry” asteroids at large distances from the star.
Finally, the Wright & Sigurdsson (2016) hypothesis of an intervening black hole disk appears to still be in play,
and should be investigated. In particular, such dust might be characteristic of circumstellar grains, and the lack of
accompanying gas could be due to the unusual abundance patterns of such a disk, or it could be so cold that all of
its gas has condensed onto grains. The dust in this hypothesis is far from any source of strong, radiation and so is
consistent with the continued lack of IR excess, and the persistence of the dust despite its small typical grain size.
I thank Josh Peek, Eric Mamajek, and Tabetha Boyajian for useful discussions.
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